Abbreviations: ANOVA, one-way analysis of variance; CDMS, CDMG define médium lacking glucose and supplemented with 0.8% sucrose; cfu, colony forming unit; dpf, days post fecundation; DMEM, Dulbecco's Modi ed Eagle medium; EPS, exopolysaccharide; GC-MS, gas chromatography-mass spectrometry; GFP, Green fluorescent protein; HoPS, homopolysaccarides; hpi, hours post bacterial infection; LAB, lactic acid bacteria; LG, Lactobacillus sakei culture in 0.5% glucose solution; LS, Lactobacillus sakei culture in 0.5% sucrose solution; LSD, Fisher´s Least Significant Difference test; MN1, Lactobacillus sakei MN1 strain; MRSG Man Rogosa Sharpe broth containing 2% glucose; MRSS, MRS medium containing 2% sucrose instead of glucose; NaClG, (0.5% NaCl plus 0.5% glucose solution; NaClS, 0.5% NaCl pus 0.5% sucrose solution; PBS, phosphate-buffered saline; RTF10, Leuconostoc mesenteroides RTF10 strain; TEM, transmission electron microscopy; TSB, trypticase soy broth; VG, Vibrio anguillarum culture in 0.5% glucose solution; VS, Vibrio anguillarum culture in 0.5% sucrose solution. with sucrose or glucose. For Lb. sakei MN1, the synthesis of the dextran drastically 7 impaired the three processes; in contrast it had no effect on Lc. mesenteroides RTF10. 
Introduction

17
Intensive production of fish in aquaculture causes them stress, which affects their 18 immune system, increasing susceptibility to pathogens and promoting the emergence of 
32
We have previously shown that high molecular weight dextrans, homopolysaccharides of the embryos, and amenability to genetic screens, (Sullivan & Kim, 2008) . This model 42 has been extensively used to study the interactions between the host and the natural gut ). In addition, the study of host-probiotics interactions in fish models is extremely 48 complicated due to the diversity of microorganisms colonising the host gut, often 49 hampering the interpretation of results. These difficulties can be overcome using 50 gnotobiotic models in which the microbiota is either known or absent (Pham, Kanther, 51 Semova & Rawls, 2008). Thus, we have previously used gnotobiotic zebrafish larvae 52 for evaluation of potentially probiotic LAB isolated from food (Russo et al., 2015) , as 53 well as for analysis of the mechanism of infection of opportunistic pathogens (Oyarbide, 54 Iturria, Rainieri & Pardo, 2015) . Consequently, in addition to in vitro evaluation of the 55 two dextran-producing LAB, the influence of the presence of the HoPS on the activity 56 of Lb. sakei MN1 in the gut has been investigated in this work using zebrafish 57 gnotobiotic models. by the red colour of the colonies (Fig. 3SB ).
75
The LAB strains were grown at 30 ºC in CDM medium (Sánchez et 
91
All experimental procedures were approved by the Regional Animal-Welfare Body.
92
Production of germ-free zebra sh was performed as previously described (Oyarbide, 93 Iturria, Rainieri & Pardo, 2015 Afterwards, the samples were subjected to sedimentation as described above, the 197 bacteria resuspended without vortexing in 50 µL of PBS (pH 7.4) and directly analysed, during the first 7 h of growth, when the cultures entered the stationary phase (Fig. 1) .
262
Also during this period, an increased concentration of fructose was detected in both 263 culture supernatants, which reached a similar maximal level (7.93 + 0.55 mM for MN1 264 and 7.31 + 0.22 mM RTF10, corresponding respectively to a yield from sucrose of 34% 265 and 32%) which decreased during further incubation, at a faster rate in Lc.
266
mesenteroides culture supernatants (Fig. 1) . 
268
Bacteria were grown in CDMS at 30 ºC. Symbols: •, A 600nm ; ♦, pH; ○, Dextran; □, sucrose; , fructose; 269 ▲, glucose and ■, lactic acid.
270
After 13 h of growth, the extracellular levels were respectively 2.72 + 0.24 mM and 271 0.76 + 0.01 mM (Fig. 1) 
281
The pattern of exopolysaccharide and lactic acid production correlated with the growth 282 curves for both strains (Fig. 1) . With regard to the production of dextran, after 13 h of (Fig. 1) . fold for MN1 and 1.4-fold for RTF10).
313
The high production of dextran by the LAB strains prompted us to detect the HoPS 
349
In addition, the results suggested that the presence of dextran as well as its de novo process did not take place when glucose was added to the culture (Fig. 4B) . In parallel,
361
the dextran production during the 3 h incubation in presence of sucrose was confirmed 362 by analysis of the supernatants by the phenol-sulfuric acid method (around 3 g L -1 ).
363
Therefore, these results support an anti-adhesive role of dextran on MN1 but not on 364 RTF10.
365
Thus, the influence of dextran on the potential of the two LAB to form biofilms was 366 evaluated on an abiotic glass surface (Fig. 3B ) and polystyrene plates (Fig. 3C) . After (Fig. 6) . A difference in the colony count (between 4-and 10-fold) was
411
observed from the first analysis at 6 hpi and remained after 24 and 48 hpi (Fig. 6) . The 
420
For the competition assays, the fluorescent tag allowed in vivo detection of both bacteria 421 in the gut by fluorescence microscopy (Fig. 7A) . The results revealed that in the absence with V. anguillarum NB10[pOT11] was 62% (Fig 7B, control) . However, the pre-424 treatment with the LAB decreased this mortality to levels of 27%, when the experiment 425 was performed in the presence of glucose (Fig. 7B, LG-VG). In addition, the 
Discussion
440
In this work the production of dextran has been investigated in Lb. sakei MN1 and Lc. 1998), which is similar to that of RTF10, which maintained the same yield of dextran 462 production during the stationary growth (Fig. 1S) .
26
With regard to the balance between sucrose used for growth and sucrose used for 464 dextran synthesis, MN1 produced 12 mM of the HoPS from 23 mM sucrose present in 465 the medium (Fig 1) , which indicated that 52% of the glucose released from the sucrose 466 was used for synthesis of the dextran. The lack of the remaining 11 mM of glucose in 467 the MN1 cytoplasm, could be explained by that, following glycolysis, it would yield 22 468 mM lactic acid. This level was detected, even before the consumption of the fructose 469 that had accumulated in the supernatant started (7 h) (Fig. 1) . In the case of RTF10, the 470 maximum production of dextran was 7 mM (Fig. 1) indicating that 30% of the glucose 471 from the sucrose was present as dextran. This lower efficiency could be the reason why 472 glucose was transiently detected in culture supernatants of this bacterium (Fig. 1 ). This Thus, it appears that the presence of dextran decreases the adhesiveness of MN1 while it
487
is not a generalised effect of HoPS and HePS produced by LAB. These bacterial decrease of mortality (57%) was detected (Fig. 7B) . In addition, a clear inhibition of V.
517
anguillarum infection (reduction of 40% of larvae mortality) was detected when the 518 experiment was performed in conditions of dextran synthesis (Fig. 7B ). This result was 519 unexpected, since a notable decrease of MN1 colonisation was observed when 520 experiments were performed in the presence of sucrose (Fig. 6) 
